Introduction
============

An ST-segment myocardial infarction (STEMI) is the result of an abrupt rupture of a coronary atherosclerotic plaque and subsequent thrombosis. Most myocardial infarctions (MIs) are thought to follow the rupture of vulnerable plaques deemed nonsevere and with less than 70% obstruction.^[@r1]-[@r3]^ This belief has been mostly founded on old studies and, as a result, has been debated in recent years. In these older trials, the time between the angiography and the index case was long; this may be problematic since noncritical lesions may progress to a more severe stenosis with time. Reflecting this issue, Alderman et al. published in 1993 a 5-year, prospective, follow-up study (the CASS trial) in which they suggested that the risk of coronary occlusion was much higher in severe compared with nonsevere stenoses.^[@r4]^

Collateral vessels develop distally from the ischemic area to compensate for the decreased blood supply distal to the lesions. These collateral vessels may preserve the myocardial function in the case of severe stenosis. In this study, we used the presence of coronary collateral circulation (CCC) as a marker of severe stenosis. Our hypothesis was that the finding of coronary collaterals distal to the culprit lesion would mean that the lesion responsible for the acute occlusion was already severe prior to the episode of acute MI. The aim of this study was to investigate in patients with an episode of acute STEMI whether this episode originated or not from high-grade stenoses.

Methods
=======

We included retrospectively 207 patients who had undergone primary percutaneous coronary intervention (PCI) due to an acute STEMI at the Dumlupinar University Kutahya Evliya Celebi Education and Research Hospital during a 6 month-period between January 2012 and June 2012. The patients were selected from our catheter laboratory database. At least two physicians double-checked the database to guarantee the accuracy of the data.

The definition of STEMI comprised an ST-segment elevation greater than 1 mm in two or more contiguous precordial leads, or two or more adjacent limb leads, or new or presumed new left bundle-branch block with angina. The culprit lesion was defined as the lesion that received the intervention. Collateral blood flow distal to the culprit lesion was measured by two investigators using the Rentrop grading system:^[@r5]^

1.  Rentrop 0 - No visible filling of collateral vessels;

2.  Rentrop 1 - Filling of collateral vessels without any epicardial filling of the artery to be dilated;

3.  Rentrop 2 - Partial epicardial filling by collateral vessels of the artery to be dilated;

4.  Rentrop 3 - Complete epicardial filling by collateral vessels of the artery to be dilated.

Only patients who had undergone primary PCI for acute STEMI were included in the study. Patients with acute coronary syndromes without ST elevation and those who did not undergo primary PCI were excluded.

The number and percentages of the patients who had CCC according to the Rentrop scoring system were calculated. We then divided the patients into two groups according to the rating of the collateral vessels and the Rentrop scores: patients with collateral vessels deemed \"poor\" (Rentrop 0-1) were included in group 1 and those with collateral vessels deemed \"good\" (Rentrop 1-3) were included in group 2.

Statistical analysis
--------------------

Continuous variables are expressed as mean ± standard deviation (SD) and categorical variables are presented as numbers and percentages. The normality of the data was tested with the Kolmogorov-Smirnov test. Numerical predictors were estimated with the Mann-Whitney U test, whereas categorical predictors were estimated with Pearson\'s chi-square test. Differences were considered statistically significant when p \< 0.05. The variables with a p value below 0.1 were included in a multiple logistic regression analysis.

Results
=======

Out of the 207 patients included in the study, 138 were males (67%) and 69 were females (33%). The mean age of the patients was 63 ± 11 years. In total, 153 patients (73.9%) presented CCC (Rentrop 1-3). The Rentrop scores were 0, 1, 2, and 3 in 54 (26.1%), 50 (24.2%), 51 (24.6%), and 52 (25.1%) patients, respectively ([Table 1](#t1){ref-type="table"}). The left anterior descending artery was the most common culprit artery (48.3%), followed by the right coronary artery (30.9%), and the circumflex artery (20.8%). The most common acute STEMI type was inferior MI (52%).

###### 

Distribution of the patients according to Rentrop scores

  Rentrop score   Number of patients   \%
  --------------- -------------------- ------
  0               54                   26,1
  1               50                   24,2
  2               51                   24,6
  3               52                   25,1
  1-3             153                  73,9

When we grouped the patients according to the adequacy of collateral vessel development as \"poor\" (Rentrop 0-1) and \"good\" (Rentrop 2-3), we found no significant differences between these groups in terms of baseline demographic and clinical characteristics. Triglycerides, mean platelet volume (MPV), white cell (WBC) count, and neutrophil count were significantly lower in the group with \"good\" collateral vessel development (p = 0.013, p = 0.002, p = 0.003 and p = 0.021, respectively).

Multiple logistic regression analysis showed that triglycerides levels (odds ratio \[OR\] 1.005, 95% confidence interval \[95%CI\] 1.001-1.008), MPV (OR 1.271, 95%CI 1.084-1.490), WBC count (OR 1.142, 95%CI 1.020-1.278), and neutrophil count (OR 1.159, 95%CI 1.040-1.292) were independent predictors of CCC ([Table 2](#t2){ref-type="table"}).

###### 

Univariate and multivariate predictors of inadequate coronary collateral circulation (CCC, Rentrop 0 and 1)

  Variable                     Univariate analysis           Multivariate analysis                       
  ---------------------------- --------------------- ------- ----------------------- --- ------- ------- -------------
  Triglycerides (TG)           (TG)                  0.006   1.001-1.008                 1.004   0.018   1.001-1.008
  Mean platelet volume (MPV)   1.271                 0.003   1.084-1.490                 1.215   0.021   1.030-1.434
  Neutrophil count             1.159                 0.007   1.040-1.292                                  
  White cell (WBC) count       1.142                 0.022   1.020-1.278                 1.142   0.020   1.021-1.278

TG, MPV, and neutrophil and WBC count were analyzed with forward stepwise multiple logistic regression. CI: confidence interval; OR: odds ratio.

Discussion
==========

Our study showed that the majority of the acute STEMIs originated from severe stenotic segments of coronary arteries. A total of 73.9% of our patients had coronary collateral vessels, indicating that the majority of the acute MIs originated from previous severe stenotic lesions. This finding challenges the historical belief that acute MI occurs as a result of abrupt rupture of nonsignificant (\< 50% obstruction) coronary lesions.

This is a field with many controversies. Older studies supported the idea that coronary occlusion and acute STEMI due to sudden plaque rupture occur from nonsignificant coronary stenotic lesions.^[@r6],[@r7]^ Little et al.^[@r1]^ conducted one such study in which they monitored 29 patients after coronary angiography until they presented MI. The mean follow-up time was 706 days. As a result, the initial stenosis was below 70% in 97% of the patients. They concluded that the majority of the cases of MI arose from nonsignificant coronary stenosis.^[@r1]^ The major limitation of their study was that the time from the initial angiography to the acute MI was so long that nonsignificant coronary lesions could have progressed to high-grade stenosis during follow-up. In another study by Hackett et al.,^[@r8]^ the authors found that the mean residual stenosis was below 70% in patients with acute MI after successful thrombolytic therapy. In 1993, Alderman et al. reported results of a prospective study showing that severe lesions were more likely to progress to total occlusion than mild ones after a follow-up period of 5 years.^[@r4]^

Results of more recent studies dispute these findings. Frobert et al.^[@r9]^ conducted a study in 156 patients with MI who had spontaneous reflow or reflow after uncomplicated wiring at the first angioplasty. Using quantitative coronary analysis (QCA) programs to measure the severity of the culprit lesion, they found that the severity of the underlying lesion was \> 50% in 151 (96%) patients and \> 70% in 103 (66%) of them.^[@r9]^ However, the main disadvantage of this method is that it excludes the presence of thrombus, since the presence of thrombi makes the lesion appear more severe than they really are. Manoharan et al.^[@r10]^ performed thrombus aspiration after wiring the culprit lesions in patients with STEMI undergoing primary coronary angioplasty. They then measured the severity of the underlying coronary stenosis with QCA and found that only 11% of the culprit stenoses were below 50%.^[@r10]^

In our study, we used the presence of CCC and the Rentrop scoring system to assess the severity of the underlying lesions, instead of using thrombolytic application, thrombus aspiration, and recanalization (spontaneous or wiring), as done in other previous studies.

In a study similar to ours, Khoo et al.^[@r11]^ investigated the development of collateral vessels using the Rentrop grading system in 159 patients with acute MI. Of all patients, 95 (60%) had collateral vessels.^[@r11]^ Their study supports our findings and was the first trial using CCC as a surrogate marker for underlying lesion severity. Our study is the second trial using this method but our sample size is larger than that in the study by Khoo et al. ^[@r11]^

Collateral vessels are vascular connections from one coronary vessel to other high-grade, stenotic vessels.^[@r12]^ This is an adaptation to ischemia. Although the exact mechanism for this occurrence is unknown, it has been suggested to be through the release of some growth factors in response to ischemia.^[@r13]^ Collateral vessels have some beneficial effects, including reduced infarct size, preservation of ejection function, and reduction of postinfarction complications like rupture and aneurysm.^[@r14]-[@r16]^ While coronary collaterals may supply enough blood flow during rest, they may not supply sufficient flow during exercise.^[@r17]^

The degree of collateral development varies among patients. It is not clear why some patients have a Rentrop score of 3 for collateral vessels, while others have a Rentrop 1 score. Several factors and markers have been identified as contributors to the development of coronary collateral vessels. The severity of the underlying coronary stenosis, proximal location of the lesion, symptom duration, and slow heart rates are described as clinical factors that influence the development of collaterals.^[@r18]-[@r20]^ Granulocyte-monocyte-colony stimulating factor (GM-CSF) and granulocyte-colony stimulating factor (G-CSF), physical exercise, and external counterpulsation have also been found to positively affect the development of collaterals, whereas aging, obesity, and levels of uric acid and C-reactive protein have been found to have negative effects.^[@r21]-[@r28]^

We found in our study that higher levels of serum triglycerides, greater MPV, and increased WBC and neutrophil counts were independently associated with impairment of collateral vessel development. Akın et al.^[@r29]^ reported that the level of serum triglycerides and ratio of neutrophil / lymphocyte (N/L) were independently associated with poor CCC development after multivariate regression analysis. MPV and WBC count were not different between the groups with poor and good CCC in their study. In our study, we did not find any significant association between N/L ratio and CCC, expect for the neutrophil count.

The association between MPV and CCC is unclear. Ege et al.^[@r30]^ reported that MPV levels were significantly higher in patients with poor CCC and coronary artery disease (CAD). In contrast, Duran et al. reported that elevated MPV levels were independent predictors of a good CCC development in patients with acute coronary syndrome.^[@r31]^ While Kadı et al. found that levels of high-density cholesterol (HDL-C) were associated with good CCC development,^[@r32]^ we found that serum triglycerides level was positively associated with CCC development.

The presence of coronary collateral vessels may imply that the underlying stenosis is severe. In our study, we regarded patients with Rentrop 1-3 coronary collateral vessel development as having underlying high-grade ischemia causing stenosis. Our use of collateral vessel development as a surrogate marker of ischemia may reflect more reliably the physiological reality than methods to measure the anatomical calculation of lesion severity used in previous studies.

Study limitations
-----------------

Collateral vessels of small caliber may not have been visible during coronary angiography. With that, we may have underestimated the presence of coronary collateral vessels.

The Rentrop scoring system is a subjective method to evaluate collateral vessel development. Coronary flow index is a better method for this evaluation, as it is a more objective and sensitive technique to determine the development of CCC. However, while it may evaluate CCC more accurately than Rentrop, it is an invasive technique and not easy to incorporate into routine clinical practice.

Conclusion
==========

Most cases of acute myocardial ischemia originated from underlying high-grade stenoses, contrary to older belief. More than 70% of the patients with acute MI had CCC with Rentrop scores of 1-3 during primary coronary angioplasty. Higher serum triglycerides level, greater MPV, and increased WBC and neutrophil counts were independently associated with impairment of collateral vessel development.
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